Through studying the impact of R&D expenditure on the market value of firms according to the data of manufacturinglisted companies in Shanghai and Shenzhen A stock market from 2001 to 2014, we find that the R&D expenditure of manufacturing-listed companies shows a positive correlation with the market value. Meanwhile, R&D expenditure can generate better value effect in smaller firms. The value effect from R&D expenditure in private enterprises is greater than that in state-owned enterprises.
Introduction
The relationship between R&D expenditure and company value has been a hot topic of academic researches in many countries. R&D expenditure is equal to company's intangible asset investment for future growth. Although there are uncertainties in R&D expenditure and no immediate rewards, enterprises have to increase investment to create new products to distinguish them from competitors and gain future competitive advantages and monetization opportunities. Lots of literature confirms that the R&D expenditure of manufacturing-listed companies shows a positive correlation with the market value. Therefore, whether R&D expenditure can increase the company value still remains an empirical proposition worthy of study. This paper, taking example for the manufacturing-listed companies in China, studies the value effect of R&D expenditure. China is a manufacturing power, so the optimization and upgrading of manufacturing industry is the key to accelerating the transformation of economic development pattern and driving the economic development into a more efficient direction. And R&D expenditure is the key to the optimization and upgrading of manufacturing industry. Hence, as for manufacturing-listed companies, the research about the value effect of R&D expenditure has both theoretical significance and practical significance.
The content structure of this article is as follows: the second part is the literature review and research hypothesis; the third part is the research design; the fourth part is the empirical result; the final part is the conclusion.
Literature review and research hypothesis

The R&D expenditure and market value of manufacturinglisted companies
Lots of literatures confirmed that the R&D expenditure showed a positive correlation with the market value of listed companies [1] . However, some empirical evidence didn't support the positive correlation between them. Erickson and Jacobson (1992) found that R&D expenditure did not contribute to the company's market value just like other expenditures [2] . Some scholars studied the relationship between the investment in scientific research and enterprise performance, and the results showed that the above relationship in information industry and manufacturing industry was not obvious. Through the empirical analysis based on the data of the listed companies in manufacturing industry and information technology industry from 2005 to 2008, some scholars found that he R&D expenditure showed a negative correlation with the performance of listed companies at that time [3, 4] . With the above arguments, we propose the first hypothesis (expressed in the form of null hypothesis):
Hypothesis 1: the R&D expenditure of the manufacturing companies in China is irrelevant to their market value.
The size effect of manufacturing-listed companies
Connolly and Hirschey's (2005) study confirmed the value effect of R&D expenditure was closely related to the company's size, and their empirical result showed that the value effect from R&D expenditure in large enterprises was greater than that in smaller enterprises [3] . Jefferson et al. (2006) used the panel data of Chinese manufacturing enterprises to empirically analyze the determinants of R&D input intensity, R&D output function and the impact of R&D on corporate performance, and the study found that R&D expenditure mainly focused on large capital-intensive enterprises [4] . Some studies showed that the role of R&D expenditure could be influenced by the firm size, but only the R&D expenditure of small enterprises had significantly positive correlation with enterprise value. On the basis of above arguments, we propose the second hypothesis:
Hypothesis 2: the value effect of R&D expenditure in Chinese manufacturing-listed companies is irrelevant to the company size.
The ownership effect of R&D expenditure in manufacturinglisted companies
Most economists have long since believed that state-owned companies operate less efficiently than private ones. State-owned enterprises' pursuing specific social and political goals rather than maximizing profits causes above phenomenon. Boycko et al. (1996) believed that political pressure forced state-owned companies to hire more employees [5] . Krueger (1990) believed that state-owned enterprises employed politically connected people rather than those who were best for the job [6] . While Vickers and Yarrow (1991) argued that state-owned companies didn't operate less efficiently than private ones, because there were also serious principal-agent problem in private enterprises, especially in large ones. Empirical studies also did not give consistent evidence, and a large number of studies have shown that private companies operated less efficiently than state-owned ones, while much evidence showed that result was not true [7, 8] . Based on these arguments, we propose the third hypothesis: manufacturing-listed companies is no different in state-owned and nonstate-owned enterprises.
Research design
Regression model
In order to examine above hypotheses, we adopt following regression equation： [9, 10] . We add (RD), the R&D expenditure variable, on the right of the model, and R&D expenditure is a key variable in this paper. If R&D expenditure has value effect, the regression coefficient 1  will be not significant zero. In order to reduce the heteroscedasticity, each continuous variable in equation (1) is deflated by the book value [10] .
Data, samples and descriptive statistics
In this paper, the data is from two aspects: the data of R&D and advertising expenditure is from the corporate annual reports in the websites of Shanghai Stock Exchange and Shenzhen Stock Exchange. Other data, including financial data and market data, is derived from CSMAR of Shenzhen GTA Education Tech Ltd. We delete the following firm-year observations: the observations whose book values are negative, the observations missing R&D expenditure variable and the observations missing other variables.
The samples in this paper are the listed companies in Shanghai and Shenzhen A stock market from 2001 to 2014. In addition to the companies' market capitalization, other variables are derived from the companies' financial statements of the tear. The current accounting system in China asks listed companies to publish the financial statements of the previous financial year before April 30 every year. In order to make financial data and market data match each other, every firm-year observation of the company value is taken as the market value in late April of next year. Through the above filter, we obtain 3756 observations from 2001 to 2014. Table 1 shows the definitions and descriptive statistics of each variable. To reduce the effect of singular values on empirical results, all continuous variables are processed by winsorization at 1% and 99%. As we can see, in a medium company, the ratio of market value to book value is 2.93; the ratio of R&D expenditure to book value is 1.46%; the ratio of advertising expenditure to book value is 0.07%. This shows that Chinese manufacturing enterprises prefer R&D expenditure rather than advertising expenditure. Table 2 lists the correlation coefficient matrix of each variable, and it can be seen that both R&D expenditure and advertising expenditure are positively correlated with market value. Table 3 gives a regression result about the impact of R&D expenditure on the market value of listed companies. Among all the regression analyses, in order to deal with potential heteroscedasticity and sequence related issues, all the standard deviations of regression coefficients are processed by Cluster on the enterprise level.
Empirical result
The impact of R&D expenditure on the market value of listed companies
Through the regression analysis of the overall sample based on least square method, it can be found that after controlling AD expenditure, surplus, dividend, equity financing, annual fixed effect and industrial fixed effect, R&D expenditure is not conspicuous zero at 1% level and the regression coefficient is 42.78. This indicates that R&D expenditure will significantly promote the market value of manufacturing-listed companies.
Because we control the company surplus while regressing, the coefficient of R&D expenditure can be regarded as a long-term impact on the company value, so we can see R&D expenditure as intangible assets investment in the future cash flow of the company.
The empirical results of table 3 rejects hypothesis 1, which show that the R&D expenditure is positively correlated with the market value of manufacturing-listed companies. Moreover, the regression results confirm several scholars' research on American listed companies [1] .
The impact of R&D expenditure on the market value of listed companies: the size effect
In this paper, the samples are divided into small enterprises, mediumsized enterprises and large enterprises according to the market value of listed companies. As we can see, although the R&D expenditure of large enterprises shows a significantly positive correlation with the market value, it is just conspicuous in about 10% level. Additionally, small enterprises and medium-sized enterprises are not conspicuous zero at 1% level. As for the coefficient size, that in large enterprises (16.91) is also far below that in medium-sized enterprises (52.43) and small enterprises (45.73).
Above all, the empirical results in Table 3 show that the value effect of R&D expenditure in Chinese manufacturing-listed companies is related to the company size. And the performance of small enterprises and mediumsized enterprises is better than large ones. The Research by Griliches (1990) showed that small firms' R&D efficiency (measured by patents per unit of R&D) was higher than that of large firms [11] .
The Research by Connolly and Hirschey (2005) also confirmed the value effect of R&D expenditure is closely related to the company size, but their empirical results showed that the value effect of R&D expenditure effect in large firms is greater than that in small firms. Some recent researches also showed that the value effect of R&D expenditure only existed in small firms. Their research samples only contained the listed companies in Shanghai and Shenzhen A stock market in 2009, while our samples covered all non-financial listed companies in Shanghai and Shenzhen A stock market from 2001 to 2009. So we believe that the empirical results in this paper are more credible. Note: *** indicates that it's conspicuous at 1% level; ** indicates that it's conspicuous at 5% level; * indicates that it's conspicuous at 10% level.
The impact of R&D expenditure on the market value of listed companies: the ownership effect
Then we know the influence of ownership on the value effect of R&D expenditure, and the corresponding regression results are also given in table 3. As we can see, the R&D expenditures of state-owned enterprises and private enterprises show a positive correlation with the market value, but the size coefficient of state-owned enterprises (24.09) is smaller than that of private enterprises (49.96). In conclusion, the ownership of private enterprises is connected with the value effect of R&D expenditure. In addition, the value effect of the R&D expenditure in private enterprise is greater than that in state-owned enterprises.
Our empirical results confirm that private enterprises are more efficient than state-owned enterprises. The reasons of low efficiency in stateowned enterprises include: (1) Chinese state-owned companies have particular social and political objectives, for example, they tend to hire more employees to ensure the employment. Obviously, this will lower the operational efficiency (including R&D efficiency). (2) The nominal owners of state-owned enterprises are the whole people without active ability. Actually state-owned enterprises are controlled by officials appointed by the government. Nevertheless, personal income maximization of the management consisting of government officials (for example, the more enterprises invest, the greater the income of officials' control power becomes) is in conflict with enterprise profit maximization, which causes the dissimilation of enterprises' behavior. (3) In order to maintain the dominant position of public ownership, the Chinese government takes strict admittance regulations in many industries, such as oil, telecommunications, railway, etc. to prevent private companies from these industries. Consequently, the state-owned enterprises in these industries can gain higher monopoly profit without new R&D products and new services, which will obviously hinder the efficiency of R&D in state-owned enterprises.
Robustness test
In allusion to the above results, we did lots of robustness test. First, we take sales income instead of book value as a deflator indicator, and the results are no different from the results in this paper. Second, R&D expenditure may be zero, so it is not in the annual report. We set up a larger sample for robustness test, which requests that other variables should not be missed, except for R&D expenditure variables (it is set to zero). The results are no different from the results in this paper. Third, we narrowed the sample to balance panel data, and the results are no different from the results in this paper. Fourth, we take stock yield as the dependent variable, and the results are similar to the results in this paper. Finally, as for all the continuous variables, we take the logarithm and make a regression, and the results are similar to the results in this paper. Based on these tests, we believe the empirical results in this paper are robust.
Conclusion
Through studying the impact of R&D expenditure on the market value of firms according to the data of manufacturing-listed companies in Shanghai and Shenzhen A stock market from 2001 to 2014, we find that the R&D expenditure of manufacturing-listed companies shows a positive correlation with the market value. And R&D expenditure can generate greater value effect in smaller firms. Finally, this paper finds that the value effect of R&D expenditure in private enterprises is greater than that in state-owned enterprises.
Since R&D expenditure has value relevance, this means that it can be the reference for market participants to estimates the market value of listed companies in China, such as the selection of investment targets, etc. Moreover, R&D expenditure can also provide policy makers with decision basis, such as the disclosed policies about R&D expenditure and the reform of state-owned enterprises.
